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(54) Immunosuppressive effects of 8-substituted xanthine derivatives 



(57) The invention relate© to a novel use of 8 substi- 
tuted xanthine derivatives *>r the nranufectore of a med- 
icament for the treatment of airto-nirnuno disorders. 

The invention relates in particular to the use of a 
xanthine derivative of general formula (I): 



I 



substituted or unsubsfituted amino group; slfcriaGc 
chain with 1 to 3 carbon atoms; hatogenated 
alfchatic chain with i to 3 carbon atoms; aliphatic 
chain containing ether functions, acids, esters, 
snides, substituted or unsubstituted amines having 
1 to 3 carbon atoms, n'rtro, sulfonamides or a com- 
bination of these functional p^pswtmamarifrnum 
length of the chain of 12 atoms, 
or a pharmaceutical^ acceptatole salt thereof for 
the manufacture of a medicament for the treatment 
of auto-irnmuno disorders. 



wherein: 



CO 

ir> 



D- 

UJ 



R v and R3 are independently hyoYogen. satu- 
rated or unsaturated aliphatic chains which may be 
straight or branded having 1 to 6 carbon atoms: 
X and Y are independently oxygen or suHun 
Z-i is selected from the group comprising a thienyt: 
furarryl:cyctopentyl r pr^ 

unsubsStuted phenyl; wherein Zz is selected from 
the group comprising phenyl sulfonic acid; unsub- 
strtuted or Substituted suffonanride with substrtu- 
ents such as alkyl. aminoalkyl where the ammo 
group may be substituted feetf with lower alkyl 
groups bearing 1 to 4 carbon atoms; n'rtro; halogen 



FMffsdbyXOT(U)Q 



PAGE 9/32 « RCVD AT 7I2812005 1:20:45 PM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-6/27 ' DNIS:2738300 ' CSID: ' DURATION (miMS):06-28 



07/28/2005 10:24 6504750359 -> USPTO CENTRAL 



NO. 800 



D010 



EP0956 855A1 

Description 

[0001] The invention relate to a novel use erf 8 substituted xanthine derivatives for the manufacture of a medicament 
for the treatment of auto-irrmro disorders. j 
s [0002] Methylxanthines, for example pentoxifylline (PTX) are known having tmmunosiippr«s$ive effects rn vttra 
[0003] Severai types of ©-substituted xanthine derivatives have been publicized, for example KA Jacobson et alJ. 
Med. Chan 1993. 36, 263*2644; KA Jacobson et aL Blochem. Pharmacol. 1988, 37, 3653-3861 ; KA Jacobson et 
al. J. Med. Chem. 1909. 32. 1673-1879. 

[0004] Recertify (Lin Y. et al Transplantation 63 (1997) it has been found that the co-rrtedfcation of an irnmunosup- 
10 pressure compound such as cydosporrne A (CyA) or FK506 or RPM (rapamycine) with a methyl xanthine derivative, f> 
particular A802715 (7-propyM (5^hydroxy-5-nr)etrry Ihexyt) ^methytxartfhine) leads to a suparadditive increase in the 
immunosuppressive action. 

{0005] The inrninosuppressive effect of cycloserine A (CyA) is already known since 1 972. However, due to its neph- 
rotoxi city and several other side effects CyA has not been abte to establish Itself as the optimal and final drug of choice. 
is [0006] The present Invention relates to a novd use of 8*substrtuted xarrthine derrvatee and their pharmaceutical salts, 
possessing unexpectedly desirable pharmaceutical properties, i.e. are irrmunosupresave agents. 
[0007] The invention demonstrates a novel use of xantNne derivatives of the 



£0 




Zi-Z 2 



as I 

R 2 



so wherein: 

R 1f Rg and Ffe are independency hydrogen, saturated or unsaturated aliphatic chains which may be straight or 

branched having 1 to 6 carbon atoms; 

X and Y are independently oxygen or sulfur; 

35 z t is selected from the group comprising a thienyl; furanyi; eyefopentyt or a substituted by z 2 or unsubsthuted phe- 
nyl; wherein is selected from the group comprising phenyl; sulfonic add; unsubstituted or N-subsftuted surfon- 
amide with subsftuents such as alkyi. aminoalky} where the amino group may be substituted itself wrm lower aikyl 
groups bearing 1 to 4 carbon atoms; retro; substituted or ^substituted amino group; aliphatic chain with 1 to 3 car- 
bon atoms: halogenated aliphatic chain with 1 to 3 carbon atoms; aliphatic chain containing ether functions, acids, ' 

40 esters, amides, substituted or unsubstituted amines having 1 to 3 carbon atoms, nftra sulfonamides or a combina- 
tion of these functional groups with a maximum length of the chain of 12 atoms, 

or a ptarrnaceutically acceptable salt thereof for the manufacture of a medicament tor the treatment of auto- 
immune disorders. 

45 [0008] The invention further relies to a coronation preparation, containing 1) cyclosporin A or FK506 or rapamycin, 
2) at least one ^substituted xanthine derivative of formula (I), and optionally a phe/maceufcal excipient for simultane- 
ous, separate or sequential use in (autoimmune disorders. 

[0009] Hereunder the effects of the 8-substrtuted xanthine derivatives on the lymphocyte actuation are elucidated and 
are compared with non-ajbstftuted xanthine derivatives (see table L compound 1.2,3.4,5,22,23.24,25,28, and 
SO $7,88,69,70,71). 

[00101 Table I summarizes the tested compOLrtds. These xanthine derivatives were obtained as folows; 

Compound number 8. 10, 12, 14, 21,36, 37. 38. 47,43,50. 51.79,83 
KA. Jacobson et al. J. Med. Chem. 1993, 3* 2839-2644; 

55 

9 r 11 f 13. 30/31, 39, 40, 41. 42, 43, 125 

KA Jacobson et al. Biochem. Pharrnacol. 1988, 37, 3653-3661 ; 

j 
i 
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15, 17, 13, 23, 29, 33, 34, 35, 44, 45, 46. 55. 56, 57. 58, 59, 60, 61, 62. 63. 64. 65. 78. 80. 81 
KA Jacobson et al. J. Med. Ctem. 1969. 3£ 1873-1879; 

[0011] r^pourKtwnfce^ 

£ obtained by the foflowing procedure for the aikyigticn of xanthine derivatives. 

[0012] 0,01 mol of a xanthine derivative (1a, 2a, 3a, 4a, 5a, 67a, 68a, 82a, 112a, 113a (Il4a)> 116a (117a), 116a 
(119a)). (The origin of these compounds is as follows: 1a Theobromin, commercially available RJUKA AG; 2s W. 
Traube. Ser. DeuL Chem. Gea 33, 3035 (1900); 3a G. Elion. d Org. Chem. Z7, 2478 (1962); 4a W. Huttenlaub, W. 
Pfletferer. Liebigs Ann. Chem. 1979, 1847; 5a Xanthin, «xrtmerciafly available R-UKA AG; 67a W. Huteenlaub, W. 

i0 PB«ter*r, Liebigs Ana Chem. 1979, 1847; 68a P.G. KjeiRn, C.GA Fersson, Eur. Pat Appl 10 531 : CA 94, P 15773 
u; 82a KA. Jacobson, D. Shi, C. GaBo-Rodriguez, M. Manning. C. Mutler, J.W. Daly, J-L Neumeyer, L Kiriasis, W. Pta- 
derer, J. Med. Chem. 36. 2639 (1993); 112a H GoWner. & Dietz, E. Caraens, Liebigs Ann. Chem. 691, 142 (1966); 
113a M.T Shamlm, D. Ukana W.L Padgett, J.W Daly, J- Med. Chem. 32. 1231 (1989)] (see table IQ were suspended 
or dissolved in DMF (60 ml) at room temperature and then under stirring K2GO3 (6 g per N-H function) and the aftylaBrrg 

75 agent (methyl iodide, ally iodide, propargyl bromide, n -propyl kxfide, benzyl bromide, 2-cNbrobenzyt bromide, 4£romo- 
butanoic acid, 5-bromopentanoic add, ethyl 4^fomobutanoate) (0.01 5 mci per N-H) function added. "The mixture was 
stirred at room temperature far 15 h, tf»en the insoluble inorganic salts filtered off by suction and the filtrate evaporated 
in vacuum at S0°C to a syrup. The residue was treated with HgO farming a colorless solid The precipitate was oofl acted 
and purified by rocrystelfizsrttan from H 2 0/EtOH mixtures to give odorless crystals of 1,2,3,4,5,67,68,82, 11 2,1 13» 

20 114,116,117, 118, 119. 

[0013] tarrpound numbers 16, 52, 53, 54, 69, 70, 71,115, 116a (117a), 116a (119a) (table I and III) were obtained 
by a procedure for the cycfization of 5-acyiamino6-afnmour3ate 



R t^A^ R^ N A_ { li 

R 2 R 2 



35 

[0014] The 5-a<7larTirx>^-arnrnouracil (16a» 52a, 53a, 54a, 69a, 70a, 71 a, 1 1 5a, 1 1 6b, 118b) (0.01 mol) was heated 
in a mixture of 2 NaOH (50 ml) and EtOH (10 ml) under reflux for 30 mm. The hot solution was acteffied by AcOH 
whereby a colorless precipitate separated. The solid was collected after cooling, dried and then purified by recrystafi- 
40 zation from EtOH, DMF or by repredpitation from alkaline solution by adoption of AcOH. 

General procedures for the synthesis of 5^cytamino^muicHjrac4ls (16a, 52a, 53a, 54a, 63a, 70a, 71a, 115a, 
116b, m8b) (table IV). 

45 [0015] 

a) 0.01 mol of the N-substHuted 5,&<feminouradi (69b, 70b, 71b) was heated in formic acid (20 rri) for 15 mm 
under reflux. The reaction mixture was evaporated to dryness and the residue racrystalKzed from water to give 
colorless crystals (69a, 70a, 71a).' Yield: 75*90%. 

so b) 0.01 mol of the N-substituted S.8-cSamlnouracil (52b, 53b, 116c) was treated with 0 01 2 mol of the appreciate 
acyl chloride (p^itrobertzoyl chloride. p-Wphenyl-4-carbonyi chloride. p-cWorb©nzDyt chloride, p-aminobenzoyl 
chloride) in abs. pyridine (20 mf) with stirring at room temp, for 3 hours. It was evaporated, the residue treated with 
water and the resulting precipitate collected by suction. Recrystallizafort from EtOH/HgO yielded 70-90% Of Odor- 
less crystals (52a, 1 153, 53a, 54a, 1 1 60* 1 18b). 

56 c) 0.01 mol of fre N-substituted 5.6<Jiaminouracil (16b) was suspended in EtOH (100 mf), then subsequent 
added 0.0H mol of the appropiate acid f>sulfamoylbenzcac acid) and 0.012 mol of the condensing agent (dcy- 
ctohexylcaTtxxfirmJe), r^metfrylanrinoprop^ rryoiochioricte). The rrtixture stirred at room 

temp, tor 2 hours, the precipitate filtered off and purged by recrystalfization from EtOH to give colorless crystals 
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(16a). Yield: $0-90%. 

General procedure for the synthesis of N^lkyi^6-diaminouracSI (160, 52b, 53b, 69b, 70b, 71b, 11Sc) (table V). 
5 [0016) 

a) 0.05 mol of G^mtno-3-methyH -neop^ntyluracil (69c), 6-amino-1 ^dmethyjuraca (52c), 6-amino-1^<*-n-pro- 
pyluracil (53c), 6-arrrino-1 ^opropyJ-3-methyturacil (71c), 6^aniino-1-ri-prooyliisdl (116d) and frarruno-l.a-di-n- 
propylthiouracil (1 6c). respectively, were suspended in a mixture of water (1 00 mQ and BOH (20 ml) and heated 

10 to 50°C Then NaNOg (4 g) was added and the stirring mixture acidified by dropwfee addition of AcOH (5 ml) 
whereby intermecfiary solution with strong coloration takes pface. A red to violet coloured precjjitate consisting of 
the corresponding 5-nrtroso derivative was formed. The solid was collected after cooling (85-90%) and used 
directly for reduction to the anticpated N^kyl^.^-cSaminourao:! (69b, 52b, 53b, 71b, 11 6c, 16b). 0.05 md of the 
6^amir»-N-alkyl^trq^radl derivative was added under stirring to a warm solution (50°C) of ammonium sulfide 

15 (25 ml) and men the temperatore raised to «FC for 15 mm. On cooing the resulting precipitate was filtered off by 
suction, washed with water and little MeOH and then dried in a vacuum desiccator to give 7530% of colorless to 
yellowish crystals. 

b) 6-Airarto-5-me1hytOTirto-1-neopemyUfrwil (70b). G-Amino-l-neopentyluTHcil (70c) (3,94 g. 0.02 mol ) was 
treated in AcOH (40 ml) at 80*C in presence of NaOAc x 3 H^O (2.6 g, 0.02 mol) with bmmina (3.2 g, 0.02 moQ by 

20 Acpwise adcSiton. After 2 hours was ceded, me precipitate (75%) ©elected, washed with water and dried. 6- 
Arwno-5-bromo^l^eopertyluradl (2.76 g, 0,01 mol) was then stirred in a 40% aqueous methyl amine solution (80 
ml) at room temp, for 2 days. The mixture was evaporated to half its volume and the precipitate collected. Washing 
with water and drying in a desiccator yielded 2.05 g (90%) of 70b. M.P. 217-22o*C. 

25 Syntheses ot M-alky^6-amlnouracils. 

10017] 6-AmIno-1 -neopentyluracB (70c). W^eopemylurea (13.0 g, 0.1 mol) and ethyl cyanoacetate (10 ml) were 
heated in 4N NaOB (100 ml) for 4 hours under reflux. The reaction mixture was evaporated to dryness, the residue 
treated with water (100 ml) and then acidified with AcOH to pH 4-5 to form a colorless precipitate- Yield: 11 2 g (59%). 
so [0018] 6-Amlno-3-metttyl-i -neopentyluracQ (69c). &Anrno-1 ^neopemyturatil (90c) (5.9 g, 0.03 mol) were dis- 
solved in 1 N NaOH (50 ml) and then unrder vigorous stirring dmemylsutfete (3-9 ml. 0.033 mol) dropwise added at 
room temp. A precipitate separated and was collected after 2 hours. After washing with water and drying in a vacuum 
desiccator resulted 5.76 g (91%) of colorless crystals. 

[00191 6-Airtnc~3-methyM -n-isopropyluraci (71c). 6^ino-l-isopropylLnacfl (16.9 g, 0.1 mol) were dissolved in 
33 1 n NaOH (120 ml) and then at room temp, dimethyteurfate (12 ml, 0.12 md) drapwise added with vigorous stirring. 
After 1 hour the preqpitete was collected, washed with water and dried at 50°C in high vacuum to give 15-1 g (62%) of 
chromatograprricaily pure, colorless crystals. 

[00201 6^Amlno-l-n-propy1uracU (116d). N-n-propylurea (20.4 g, 0.2 moQ and ethyl cyanoacetate (20 mi) were 
heated m 3 N NaOMe (200 ml) for 3 hours under reflux The reaction mixture was evaporated, the resioue treated with 

40 100 ml of water and acid rfred with AcO H to pH 4 to give 23 .7 g (70%) of cotorl ess crystals. 

[00211 6^Amlno-1 l S-dl-n-propyl-2-flilouracll (16c). Tb a mixture of cyanoacetlc acid (10 g) and acetic anhyoYlde (50 
mf) was added N,N*-o>r>prgpytthk)urea (1 6 g, 0.01 mol) and stirred at 60*C for 4 hours. It was evaporated to cfryness, 
the residue treated with 30% NaOH (100 ml) for 30 min, then cfluted with water (100 ml) and the precipitate collected. 
Reaystelfizafion from EtOKvwater gave 18 g (79%) of yellowish crystals. The same procedure and started tram N.N*- 

45 dimethylurea or ^N'-dt-o-prupylurea yielded 6-emino-1 , 3-tfmethyturacil (S2c) and 6-amino-1 ,3<ii-n-propyluracil (53c) 
respectively as colorless crystals. 

[0022] Ccnpoundnurnbers 25 and 26 (table I and table III) were obtained by a general procedure for the sythesis of 
1 ^54^roxyhexyl)xanthjnes. 

BO 
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[0023] 3,7-DialKyl-l Khejan^-onyi)xantftine (2 rnrnol) was dissolved In MeOH (15 ml) and then created under stirring 
with NaBH 4 (0.1 g) overnight. The mixture was evaporated to dryness, the residue diluted wrth HgQ, then extracted sev- 
15 eral Janes Wtfi OHOI3. The CHCI 3 layer was died over N^SO* fibred and the titrate again evaporated to give a chn> 
matogjaphically pure solid The sofid was stirred to n-hexane far 1 h, thenfftered by suction and dried in a vacuum 
deflator to give a colorless crystal powder. 

[0024] Conpounds 19, 20 and 66 were obtained by methyfeition of 55, 57 and 64 respectively. 0-01 Mold the purine 
55, 57 and 64* respectively, was dissolved ei DMF (120 ml) by wanning. After coding to room temperature K^COa (7 g) 
20 and methyl iodide (2 ml) were added and then the mixture stirred for 3 hours. The solution was then diluted with HgO 
(150 mJ) and after cooing the precipitate collected, washed with water and dried, Reorganization from BOH/^O gave 
colorless crystals in 75-90% yield. M.p. 1 S8°C (19), 296*0 (20) and 197»C (56)- 

[00251 The synthesis of compound 32 is based on compound 33, which fe described in Herature [KA Jacobson, K.L 
Kirk W.L Padgett J.W. Daly. J. Med. Chem 1985, 28, 1334], Compound 33 (2.14 g. 0.005 mol) was suspended in abs. 
as pyridine (50 ml) and then under stirring chlorosulfonic acid (4 ml) added dropwise, It was heated tD 50*0 with stirring 
ft* 12 hours. The reaction rnixture was evaporated in vacuum, coevapocated twice with EtOH and the reside recrys- 
talized from HgQ/CtOH to give 1 .95 g (77%) of 32 of a colorless crystal powder. M.p. 24S*c. 

materials ana rnetnoos 

30 

[0025] various models may be used for testing an imrntinosuppressive effect In vivo, tor example, different transplan- 
tation models are available. They are strongly rtfluenced by different immunogerricities. depending on the donor and 
recipient spades used and depending on the nature of the transplanted organ. The survival time of transplanted organs 
can thus be used to measure the suppression of the Immune response. In vitro, there exist also various models. The 
3$ most used are lymphocyte activation tests. Usually activation is measured via lymphocyte proliferation. Inhibition of pro- 
liferation thus always means irnrrninosuppressJon under the experimental condrfions applied. There exist different stim- 
uli for lymphocyte activation: 

- cocutture of lymphocytes of different species (MLR = mixed lymphocyte reaction): lymphocytes expressing different 
AO minor and major antigens of the HLA-DR type (- a) log ens) actuate each otter norvspecrficaJly 

CD3 assay: here there Is an activation of the T-lynpnocytes via an exogenousty added antibody (OKT3). This ami- 
body reacts against the CD3 molecule located on the lymphocyte membrane. This molecule has a costirrrulatory 
function. The interaction anti-CD3 J= OKT3>C03 results in T-cell activation which proceeds via the CaVcalmod- 
ufirtfcacineunTi system and can be inhtoited by CyA. 
4$ - CD2S assay: here specific activation of the T^yrnphocyte goes also via an exogenous^ added antibody against the 
CD28 molecule. Th» rnole^ 

nals, This activation is CaVmdependent and mus cannot be inhWted by CyA. 

- IL-2R assay: here activation of the lymphocyte occurs via the exogenously added cytokine IL-2 which binds to me 
IL~2 receptor (1L-2R) that is located on the lymphocyte membrane d prestimuiated T cells. This arfrvation is also 

so Ca 2 +/cAMP-Mependent and cannot be inhtoited by CyA. 



[0027] All derivatives were dissolved In 0.5 ml DMSO and further diluted in culture mecfium before use in in vitro exper- 
55 iments. The culture medium consisted of RPMM640 + 10% FC5- 
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Mixed Lymphocyte Reaction 

10028] Peripheral blood mononuclear ceils (PBMQ were isolated from heparinized penpheral blood by density flrai- 
ent centrifugalion over Lymphoprep (Nycomed, Maorstua, Norway). Allogeneic PBMC or EBWrarofermed human B 
5 c^s[RPMI1788(ATCCnameCCL156Bwhic^stronfllyejq^56B7-l and B7^ were used « slimdmof cells after »ra- 
diation with 30 Gy. MLB was performed in trioleate wells. After 5 days incubafan at 37»C, 1 ftCi [^thymidine was 
added to each cup. After a further 16 hours incubation, cells were harvested and courted In a p-counter. 
[0029] The percent suppression of proliferation by drugs was counted using the farmula; 

10 Por «n* inh^H^n (cpm^rugs) ■ cpm CultMed.) 1o0 

Per cent mhfertion = ~ CP™ 



T cell p j jjf icatton 



15 



[00301 T cefe were purified by removing non-T cells. Briefly, monocytes were removed by cold agglutination. The 
resulting lymphoid eels were further purged byacefl enrichment knmunocolumn [Ceflect Human T (Bwtax, Ecfrnonton, 
Alberta, Canada)] by a process of negative selection. More than 9S% of the B cells were removed with this procedure. 
After depletion, the resulting T cell preparation was highly purified explaining these cells could not be activated by PHA 
so or rIL£ alone at concentrations capable of stimulating RBMC prior to deletion. 

MAaguramente of Tcqll perforations induced fav anti-CP3 mAb + PMA or anfrCD28 mAb + PMA 

[00^1] Highly purified T eels (i0 8 AnI) were stimulated by rmmobilized anfi-CD3 or anti-CDS8 mAb in the presence of 
£5 PMA. Artti-CD3 mAb (CL&-CD3; CLB, Amsterdam. The Netherlands) were fixed on the 96-micfOwell plates by incubat- 
ing the wells with 50 fU of mAb solution (CLB-CD28; CLB, Amstendam. The Netherlands) 50 ilI (1/650 dilution in culture 
medium) was added directly to the wells- Further, 20 uJ PMA (Sigma, St. louis, MO. USA) solution (final concentration: 
0.5 ng/ml) was added. Subsequently, 20 fU" of imrrunosuppressants were added by serial dflution in trWcate wells. 
Finally 100 jil of the T eel I suspension (l0 G /mi) was added. After 48-hour incubation ai 37*C in 5% CO2 20 ui BrdU (100 
99 m solution) (Cell Proliferation Elisa. Boehringer^Mannheim Belgium) was added to each wail. After a further overnight 
incubation the T cell proliferation was measured using a cokximetric immunoassay for quaSfeation of cell proliferation 
based on measurements of the incorporation of BrdU during DNA synthesis- The optical density (OO) was measured 
by a Behring EL31 1 place reader at 450 nm (reference wavelength: 690 nm). The percent suppression of proHeration 
by drugs was counted using the formula: 



40 | n vfiro mrniunpsi^rfe^h/e e ffect of Xanthine Derivatives as measured with the MLR and With tests InvpMnq MlvcJpnaJ 
T call perforation Inducad fa v *rrti-GD3 mAb + PMA OT anH-CD2B mAb + PMA (table VI) 

[0032] 

45 * In the tifce VI column II shows the IC50 values of the various Substances in the MLR. The IC50 value represents 
the lowest concentration of the substances that resulted in a 50% suppression of the MLR. 

- Column 111 shows the IC50 value of the various substances for the artfi-CD3 mAb + PMA pathway and row IV trie 
IC5D values of the various substances for the anti«CD28 mAb + PMA pathway. 

- As a comparison the values of other irrrnunosuppressante: CsA, FK506. Rapamycia Uflunorride and Mycophe- 
$0 nofic add are given as well, 

(00331 WbPJfi HOfld ftaay (WBA) : WBA is a lymphoproHeration assay performed in vitro but using r/mphocytes 
present k\ whole blood, taken from animals that were previously given test substances in vim Hence it reflect the ti 
vivo effect of substances as assessed with an in vhro read-out assay. ; 
55 [0034] Rate: irfcred. male 8- to 8-wseks old R/A rats weighing ± 200 g wBra used as recipients. 

[00351 Drug administr atio n: Xanthine derivatives were dissolved in DMSO and further cHutad with PBS ProoXictB 

were given orally in different concentrations 2 times a day for 2 days, To perform the experiments. 6-8 hours after the j 

iastaotorastrationi rnlofb^ 
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preservative tree heparin a. 

[0036] Whole Blood Assay: This assay was performed as we descrbed previously [Use of the Methytxanthine Deriv- 
atives A802715 in Transplantation Immunology. II In vitro Experiments. (Yuan Un, et aL, Transplantation 1997, 63. No. 
12,1734-1738)]. 

s [00371 Hepannized whote btood was diluted (1 25) with complete RPMI medium and stimulated with 1 5 jigrtni of con- 
canavslin A (Con A) In triplicate weSs in g&weil microtrter plates at 37°C and 5% CO^ After 96-h culture, proliferation 
was determined by measuring the incorporation (cpm) of pHJ-thymidlne. 

[0038] The Con A induced preparation of lymphocytes taken from rats receiving the test substances (exp) was com- 
pared with thai tram rats receiving only the solvent (con). The percent suppression was calculated as Wows: 

» 

% sup prBss5on:100-[^^x100] 



Results 


Nr 


%supfxession 


Administration of drugs 


Blood taken after: 


11 


33 


40mg*g/d 2x/d 2d 


8h 


14 


66 


40nrxj/kg/d2x/d2d 


6h 



25 [0039] First most of the substances according to the invention have a dear suppressive effect in the MLR (mixed lym- 
phocyte reaction). The MLR is considered as an in vitro analogue of the transplant rejection as it is based on the rec- 
ognition of allogeneic MHC (major NstocompatfeiUty antigens) on the stimulator leucotyes, by responding lymphocytes. 
Various established immunosuppressive drugs are known to suppress the MLR, and were also shown in this descrip- 
- tion. Further, the a-substitutd xanthine derivatives are more effective than the non-substrtuted. 

30 [0040] From these data ft can be deduced that the 8-substituted xanthine derivafives may be effective in clinical situ- 
ations where ether immunosuppressants are active as well- 

[0041] These include the prevention andtor treatment of organ transplant rejection, the prevention and/or treatment 
of both rejection and the occurrence of graft-versus-host-disease after BM transplantation; the prevention and/or treat- 
ment of autoimmune diseases inducting diabetes meatus, multiple sderosts, glomerulonephritis, rheumatoid arthritis, 
35 prorias'rs systemic diseases such as vasculitis; scleroderma, polymyositis, autoimmune endocrine disorders (thyroidi- 
tis), ocular diseases (uveitis). Inflammatory bowel diseases (Crohn's disease, edits uctercsa). autoimmune liver dis- 
eases (autoimmune hepatitis, primary biliary cirrhosis) autoimmune pneurnonits and auto-immune carditis. 

[0042] Whereas cyclosporin A and FK506 are only active in the arrti-CD3 + PMA test, the 8-substituted xanthine - 
derivatives according to the invention ware active, not only in the arti-G03 + PMA but also in the anfi-CD28 + PMA test 

40 it has been shown that the latter is Ca-caJmoduOn resistant, and resistant to OsAand FK506. The antj-CD28 + PMA : 
pafliway has also been called the cosignal pathway and is important to induce energy and even tolerance in T cells. 
Moreover, representative compounds have been found to be acfive in a whole blood assay. 
[0043] Under the term "organ" in the description is understood all organs or parts of organs (even several) in mam- 
mals, in particular humans, for example kfctey. heart, skin. iver, muscle, cornea, bone, bone marrow, lung, pancreas. 

45 intestine or stomach. ~ 
[0044] After organ transplantation, rejaefion of the transplanted organ by the recipient occurs (rreWersus-grafi reac- | 
tion). After bone marrow transplantation, also rejection of the host by the grafted eel may occur (graft-versus-host reac- 
tion). Rejection reactions mean all reactions of the recipient body or of the transplanted organ which in the end lead to 
ceO or tissue death in the transplanted organ or adversely affect the functional aWrty and viability of the transplanted 

so organ or adversely affect the functional ability and viability of the transplanted organ or the reorient. In particular, this 

means acute and chronic rejection reactions. \ 
[0045] AukMmmune disorders include, inter alia, systemic lupus erythematosus* rheumatoid arthritis; psoriasis, pern- ; 
phigus. atopic dermatitis, myositis, mulbple sclerosis, nephrotic syndrome (in particular gtcfnarutaephrffis), ulcerative 
coRtis or juvenie diabetes. 

ss [004€] The invention further relates to the use of cydosporin A or PK506 or ftapamydne and at least one &-8ubsti- 
tuted xanthine accorcfing to the invention xx the production of a pharmaceutical for inhibiting the repScaiion of viruses 
such as picorna-, toga-, bunya-, orthomyxo-, paramyxo-, rhabdo-, retro-, arena-, hepatitis B-. hepatite C-, hepatitis 
adeno-, vaccinia-, papiltorna-, herpes-, vajicena-zoster-virus or human immurxxJeficiency virus (HIV); or for treating of 
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cancer such as lung cancers, leukaemia, ovarian cancers, sarcoma. Kaposi's sarcoma* meningioma, colon cancers, 
tymp node tumors, gfioWastoma muttiforme, prostata cancers or skin carcinoses. 

[0047] The invention further relates to the use of cyclosporin A or FK506 or rapamydn and at least one xanthine of 
the general formula for the production of a pharmaceutical for the treatment of human after organ transplantation or of 
s (autoimmune disorders, 

[00481 Hence, the advantage to associate xanthine with other immurtosiippressarTts may be that first the therapeutic 
spectrum of action of the inefvldual components is quantitatively and qualitatively broadened. Secondly that it allows, 
by means of a dose recVc&on without reduced efficacy but with increased safety, thai the treatment of immune disorders 
which were hitherto no indication for immunosuppressive therapy as a result of side effects may be considered. At the 
io same time, the therapy costs can be decreased to an appreciable extent. 

[0049] The prefered compounds according to the invention are the xantine derivates bearing on the s-cosition a sub- 
stituted or unsubstitutfid phenyl. 
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so Claims 

1. Use of a xarthine derivative of &eneraJ formula (Q: 




45 wherein; 

R lt R 2 and R3 are independently hydrogen, saturated or unsaturated aliphatic chains which may be straight or 

branched having 1 to 6 carbon atoms; 

X and Y are independently oxygen or sulfur; 

bo Z 1 is selected from the group comprising a thienyi; furanyt; cyctopentyl, phenyl or a substituted by or unsub- 

sauted phenyl; wherein Zg is selected from the group comprising phenyl; sulfonic acid; unsubstituted or N-sub- 
stituted siilfonamide with substftuente such as aJkyl. aminoalkyl where the amino group may be substituted 
itself with lower alkyl groups bearing 1 to 4. carbon atoms; nitro; halogan substituted or unsubstituted amino 
group: alphatic chain with 1 to 3 carbon atoms; hajogenated aliphatic chain with 1 to 3 carbon atoms; aliphatic 

$$ chain containing ether functions, acids, esters, ajfricles, substitutBd or unsubstituted amines having 1 to 3 car- 

bon atoms, nrtro, eutfonaniidesoracorTi^ 
of 12 atoms, 

or a pharmaceutically acceptable salt thereof for the manufacture of a medicament for the treatment of auto- 



Si 

PAGE 2*32 * RCVD AT 7/2812005 1 :20:45 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 ' CSID: ' DURATION (mm-ss):0$-28 



07/28/2005 10:24 6504750359 -» USPTO CENTRAL NO. 800 0030 



BPO956055A1 

immune? disorders. 

2. Use according to daiml, wherein 

a, . Rg and R3 are rdependentfy hydrogen; saturated or unsaturated straight aliphatic chains having 1 to 3 car- 
bon atoms; and 

Z t is a substituted or unsubstituted phenyl. 

3. Use accoxfing to cfeim 1 or 2, wherein the xanthine derivative is compound selected from the group comprising; 



l.7-diaBy}-3-rt^riyW4enylxanthin8 (8); 

i,3-tfpropvV8^4(dim (9); 

1,3 J^imethyl^-(4^iflLiorometrVlfeny (10); 

1 ,3^ipropy1^4<diethy1amijx^ (11); 
is 1 ,3^ipTO^^2-thio*8-[4^(((r^2-aminoetrTyi (35); 

1 ,3<To3ropyl^4^imeth^ (40) ; 

l,3-dimeihyl-7^ropyl^fenylxarit^ (1 12); 

1,7Ki5aSy1^-pnppy1-8^p^eriyl)xanthine (1 17); 

I3.7^prop^^4^lorofeny0xanthine (1 18); 
50 1 7-daJfy1-3-propyl^4K^ (119). 

4. Product containing a compound according to any of the preceding claims 1-3 and at least a compound selected 
from the group comprising cyclosporin© A, FKS06, Rapamycin, Leflunomide, Mofetil. 

ss 5. Use of a product according to dahn 4, as a combined preparation for simultaneous separate or sequential use in 
the treatment of auto-immune disorders. 

6- Compound having the formula: 

so 1 iropyriyl-3,7<limelrty1xanIhin8 (1) ; 

1 7^propynyl-3-frieihy1xartft (2) ; 

1 ^emyJ-3 t 7-dipropynytxanfliine (3) ; 

1 ,3<ipropynyl-7-fneViyticanthine (4) ; 

1 ,B r 7-tripf0pynylxanthine (5); 
3s 1^4<afboxytotyl)-37<fimefr^ (22); 

1^3-caiboxypropyl)^7^metti^ (23); 
.. 1K3-ethoxycarbon^prorjyl'37^m 

1 J^meirryJ^propynylxartfiine (67); 

1 7<jmethyl-3-((terttxrM)methvl)xarr^re (68); 
40 1 ,3-cfmgt^7-all)H-8-K^^ (82); 

1 ,3Kimeth^-7-prcpyt^nytxarrtrine (1 1 2); 

1 ,3 J-tnpropyV8-f aiybcantKne (113); 

1 7«diaJlyl^5xopyl^1enylxflnthine (114); 

1 .a^-tr^ropyt-SKp-bifenyOxanthine (1 16); 
4$ 1.7s4aJr/!-3-propyl-^^ 

.1 ,3J-tripropyl^4H^c*ety (1 18); 

1 J*oSaJyl-3i»ropy^4<riIorofenyl)xaT^ (1 1 9). 

7* Compound havng the formula: 

so 

1 -propynyl -3. methyrcanthene (1); 
1 jHfpropynyl^-melhYtxarrthine (2); 
i-m ethyl ^7<Iipropynytxarithme (3); 
1 ^KfpropyfTyl-7-methyhca/ithine (4); 
ss 1 A7-tnpropynybfirtthine (5). 

8l Compound having the formula: 
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1^4<artxw^wtyC)^7<fiiti^xaimin^ (22); 
1 ^^»rtx»ypri^l)^7^methy^nthine (23); 
l-(3^c»ygait»n^)pfo^^^ (24). 

5 9, Compound having the formula: 

1>domithy»-7^ly^^^ (B2); 
1 ,3-di rnetr^7^opy^fertytxar«hine (112); 
1 .SJ-triprop^-^fenytxanthtne (1 13); 
io 1 ,7-cte0yl-3-prcpyi-a-fenylxflnthin6 (1 14); 

1374r^propyt^0>*il^0xanthi (116). 

10. Compound having the formula: 

is 1 7<«llyl-3firopyl^-(p-bfeny0xan!iw (117); 

1,3,7-tri^pyl-B-(4^hlortfe^^ (118); 
1 7<«llyf^XQpyl»8*(4^lorafer^ (119). 

11. Use of a compound according to any of the claims 7-10, lor the manufacture of a medicament for fro treatment of 
£0 fiuto-fmmuno tfsonfers. 
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